This research aims to analyze the communication on trust building in virtual teams. Ten teams consisting of three workers (an editor, a designer, and a coder) were asked to create a sample web page in one week. All workers were in remote environment and a text-only communication tool was provided to all teams. In addition, five teams could use a non-text communication tool through which one can see other member's situation with a web camera image and a short text message. All communication logs were collected and classified into three types: formal communication, informal communication, and awareness communication. All participated workers answered the questionnaire about trust before and after the task was completed. The analysis results based on the questionnaire and communication log data are discussed at the end. The result shows the use of non-text communication tool did not affect trust building; however, amount of awareness communication affected trust building. Log-in to the communication system at the same time also affected trust building. The findings of this study showed the tendency of awareness communication helping team building trust in the remote environment.
This team is called a virtual team. A virtual team has the advantage of being free from geographic boundaries and time restrictions. The team members can join from anywhere in the world. Crowd sourcing furthers this kind of work style.
Employers can obtain workers from "crowds" in the world, and virtual teams are made in an ad-hoc but adequately with crowd sourcing. In this virtual team setting, workers typically do not meet each other because of geographic distance.
On the other hand, building and maintaining trust among team members has been an issue for a virtual team. Since trust has a great bearing on team productivity [2] , it is considered a critical issue for a virtual team. According to the survey by RW3, 81% of workers responded that productive activities are difficult in a virtual team without the formation of rapport or trust [3] .
In the virtual team, all communication is exchanged using ICT. For that reason, many researches have been conducted to clarify the role of communication in trust building in virtual teams [4] . In these studies, there were two problems.
One was that workers were students, and they are subject to simulated work.
Another was they could not get a log of complete communication.
The purpose of this study is to examine the effect of communication on trust building in a virtual team using real work settings and with complete communication logs.
Definitions
In this subsection, the definitions of trust, virtual team, communication, and awareness are described.
1) Trust
Simmel and Wolff discussed that trust is what is between ignorance and perfect knowledge [5] . This means that the concept of trust becomes unnecessary if a man fully understands the other party. And in response, Giddens mentioned that trust is a belief that s/he can rely on people and systems for a given series of outcomes and events [6] . Especially trust in personality is built on mutuality consisting of response and involvement.
In this research, we use a definition by Giddens that trust is defined as confidence that we can depend on people for a series of consequences and events, and it is built on mutuality consisting of responses and engagement.
2) Virtual Team
A virtual team is a group of people who work interdependently with a shared purpose across space, time, and organization boundaries using technology [7] . A virtual team is becoming more widespread due to the advancement of ICT.
3) Communication
Communication is the human activity that links people together and creates relation-ships [8] . Non-text communication in on-line settings can happen through images from CCD, tone of voice, or even by tangible object [10] . This communication is exchanged passively, i.e., the sender of non-text communication is typically not doing it intentionally. In this research, log-in status and images from CCD are treated as non-text communication. These data can be easily obtained as log data.
4) Awareness
Awareness is an essential concept in the field of CSCW (Computer-Supported Cooperative Work) [11] . Awareness was researched in CSCW because of the lack of this kind of information on an online situation. Dourish and Bellotti featured awareness for activity. They defined awareness as an "understanding of the activities of others, which provides a context for your own activity [12] ". Jang defines awareness as processing knowledge about the current status and actions of the various components in a collaborative system [11] .
In this study, awareness is defined as "knowledge about the work and worker of current and predicted future status and situation." Awareness by text communication, called "awareness communication," is intentionally exchanged by communicating parties.
Related Works
In this section, related works about trust, a virtual team, and communication are described. Then problems from related works and hypotheses are discussed at the end of this section.
Related Works on Trust
More transaction costs and opportunity costs are needed when the trust score is low among related parties. The impact of trust on economics was described in the lemon market (cf. [13] ). In a low-trust environment, laborious efforts are required for a confidence survey, and more expenditure is required. As another utility of trust, it can avoid the risk [14] . From the organization's point of view, trust is needed for all kinds of organization [2] . For that reason, building trust is "the lubrication that makes it possible for organisations to work" [15] .
Yamagishi and Yamagishi researched about general trust and proposed a method to measure how persons tend to trust [16] . They defined general trust as "a belief in the benevolence of human nature in general and thus is not limited to particular objects."
Related Works on Virtual Teams
Building trust is difficult, especially for a virtual team because workers cannot ex-change various information face-to-face. One of the lacking pieces of information is called an honest signal [17] . Watkins argued it is a paradox in the studies of the virtual team, while saying that face-to-face is better in building team
Hypotheses
Three main hypotheses with six sub-categorized hypotheses are formed as shown in Figure 1 The treated group is expected to have a higher trust score than that of the control group. In the treated group, high trust score teams are expected to exchange more log-in notification than low trust score teams.
H2.3: snap shot affects building trust
In the treated group, high trust score teams are expected to exchange more snap shots than low trust score teams.
The provision of awareness leading to an increase in the amount of communication has been reported by Sakakibara et al. [23] . 
Research Design
The effect of communication on trust building in virtual teams is the question addressed in this study. However, to know whether or not workers actually used Several virtual teams will be formed in order to examine the effect of a non-text communication available environment on communication and trust building in virtual teams. In this section, team forming, data collection, and analysis method will be described.
Team Forming
Editors, designers, and coders will be recruited through a crowd sourcing platform. They will be formed into three-member (one editor, one designer, and one coder) teams and asked to create a web site. The task will be performed in telework; therefore, all teams will be virtual teams. Each worker will be assigned to a team so that they have common work time, i.e., team members can communicate in real time if they wish to. If it is possible, the work experience level of workers will be considered for team forming. Formed teams will be assigned into either the group with C-WORK or the group without C-WORK. The former group is the treated group, and the latter one is the control group. Age, gender, and work experience in crowd sourcing will be considered so that the two groups have similar teams.
Communication Tools Used
In this study, all communication between group members during the experiment In addition to GMSS, a non-text communication tool, called C-WORK, will be provided to treated groups. C-WORK is a web-based non-text communication platform [24] . It has three functions: exchanging members' snapshots, log-in status information, and a short text message board. Snapshots are taken by a worker's built-in PC camera or connected web camera. To protect the privacy of users, the reciprocity concept is applied in C-WORK, i.e., a user can see the other members' picture in C-WORK only when s/he turns on her/his camera. As an additional privacy protection, pictures are shown as if they are looked through a shade. Figure 2 shows the user interface of C-WORK. The picture is automatically updated every minute. A user can also manually update the picture by pressing the "Snapshot" button. Log-in status information is used to know who is logged in now. When the user is logged in, the log-in status is turned to orange and message is turned to "I'm in". Otherwise, the log-in status is displayed in gray and a message is shown as "I'm Out". A short text message is expected to be used for sharing a user's situation such as "I'll be back at 2 p.m.
tomorrow." Once a user posts the message, the previous message is deleted, and other users cannot see previous messages. C-WORK provides log-in information, a snapshot, and a message board. The former two items are treated as Since all communications between team members will be carried out via provided communication tools during the experiment, complete communication log data will be obtained.
Data Collection
Three types of data used for the analysis in this study are described. Those are survey data, text communication logs, and awareness information logs.
Survey Data
In order to collect data about trust, two questionnaire surveys will be conducted.
For general trust, the questionnaire developed by Yamagishi and Yamagishi [16] will be answered by all workers before the group work. Table 1 shows the questionnaire about general trust, and each question will be answered in a seven-Likert-scale. This result will be used for team formation so that all teams will start with approximately the same general trust score. After the group work, the trust score for team members will be tested via the survey questionnaire developed by Jarvenpaa and Leidner [4] . Table 2 shows the questionnaire about team member's trust, and each question will be answered in a five-Likert-scale. These questionnaires will be combined after examining the Cronbach's alpha. Then teams will be categorized into two groups based on the trust score of each team,
i.e., divide teams into two groups according to the mean trust score of each team. A team with trust score higher than the mean trust score of all teams will be categorized as a high trust group; otherwise, as a low trust group. A t-test will be conducted to see the difference in trust score of these two groups. 
Communication Logs
Communication log data of GMSS and C-WORK will be examined. Posted text from GMSS, CHAT, and C-WORK will be categorized as text communication.
Sentences in text communication will be classified into "Formal communication," "Informal communication," and "Awareness communication" based on the rule defined by Weisband [26] . Table 3 shows the classification of group awareness messages. In this study, the first three awareness types "self-awareness", "availability awareness", and "process awareness" will be clas- Non-text communication includes log-in information and snapshots in C-WORK. Log-in information includes hours, minutes, and seconds. The C-WORK system can capture the information of user's log-in time and logout time. Even when the browser is closed without log out, the system will know the user status because the system checks the browser every 30 seconds. Snapshot information will be captured in a similar manner. The number of snapshots taken will be counted for each user. Since an actual access log is practically unobtainable, each opportunity that other team members can access to the updated information will be counted as substitution for the access log of non-text communication.
Task and Deliverables
A sample web site development for the existing research project "Valuation of the Next Generation Unified Communication System" will be the group task assigned in this study. The same set of documents about the project will be provided for all teams, and teams will be asked to complete their sample web site within seven days. Each team will consist of three members: an editor, a designer, and a coder. Each role will be recruited separately, and then available work time, possession of a web camera by each subject, and the general trust score of each subject will be used for team formation. Subjects will be allowed to use only the provided communication tool so that all communication logs can be recorded. All subjects of the competition will be paid 4,000 yen (about $40) after completion of the task, which includes two questionnaires and the completion of a sample web site. Agreements from all subjects for the use of log data and questionnaire data for the analysis in this study will be obtained before the experiment starts.
Analysis Method
The data collected from the questionnaire related to trust will be consolidated to be a trust score after confirming the internal consistency using Cronbach's alpha.
The text data collected from GMSS, CHAT, and C-WORK will be analyzed sentence by sentence. In this analysis, each sentence will be classified as formal communication, informal communication, awareness communication, or miscellaneous communication, and the first three types of sentences will be actually used for further analysis.
Time data for non-text communication such as log-in/log-out and snapshots will be recorded. With these data, not only each subject's activities but also number of opportunities for other subjects in the same team to access such activity data can be deter-mined. For example, if a snapshot was taken at 21:00 of a particular day by a subject, and his/her team member had log-in to C-WORK at 21:10 of the same day then this team member had an opportunity to access this non-text communication.
Each hypothesis will be tested in the following manner:
Hypothesis H1.1, teams will be categorized into a high trust group and a low trust group according to each team's trust score. The amount of communication will be compared for these two groups using t-test. Amounts of formal, informal, and awareness communication for these two groups will also be compared so that hypothesis H1.2~1.4 will be tested. 
Results
The experiment started with fourteen teams; however, four coders quit during the experiment. Therefore, ten teams completed the task with three members.
For the purpose of this experiment, these ten teams were analyzed (five teams with C-WORK), and the analysis results were discussed in this section.
Teams Formed for the Experiment
Ten teams completed the assigned task (five teams for both the treated group and the control group). There were nine female members in the treated group and eight female members in the control group. The average age was 38.1 years for the former group and 39.1 years for the latter group. The work experience in crowd sourcing for the both groups was also similar, as shown in Table 4 .
Comparison of Two Groups
Before the analysis of communication log data and trust building results, demographics (gender, age, and job experience in crowd sourcing) of workers in two groups were compared. As shown in Table 4 , there was no significant difference found between two groups.
Besides the demographic difference, the difference in general trust score between the two groups was also examined. As shown in Figure 3 , the mean of general trust for the treated group was 4.27 and was 4.31 for the control group.
No statistically significant difference was found between these groups. In order to test hypotheses, t-test was conducted based on communication log data and questionnaire data. Four trust attributes of each participant obtained from the questionnaire after the work were analyzed. These four attributes were combined to form a single trust score (Cronbach's alpha = 0.951). The mean trust scores of the control group and the treated group were 3.97 and 3.03, respectively. Although the mean trust score of the treated group was higher than that of the control group, no statistically significant difference was found (p = 0.113).
The comparison result of the mean trust scores between these two groups is shown in Figure 4 .
Next, the text communications of these two groups were compared. All text communication logs of GMSS, CHAT, and C-WORK were divided into formal communication, informal communication, and awareness communication based on the classification shown in Table 3 . Amounts of text communication by the treated group and the control group are shown in Table 5 and Table 6 , respectively. Although there was no statistically significant difference, the treated group had twice more awareness communication compared with the control group.
Comparison of High Trust Score Team and Low Trust Score Team
In order to investigate the relationship between communication types and trust building, teams were categorized into a high trust score group and a low trust score group. The mean trust score of all teams was 3.5, Teams with higher trust score were categorized into a high trust group, and into a low trust group otherwise. The mean trust score of the high trust score group was 4.25, and 2.75 for the low trust score group, and the difference was statistically significant (p = 0.002). The comparison result is shown in Figure 5 .
To examine the difference between these two groups, amounts of communication of each type were compared. Figure 6 shows the difference of the mean of total communication sentences between two groups. Although there was no statistically significant difference (p = 0.368), the high trust score group (726.8) was more communicative compared to the low trust score group (529.4). Figure 7 shows the difference of mean of formal communication between two groups.
Again, while there was no statistically significant difference (p = 0.451), the high trust score group (650.6) communicated more than the low trust score group 
Non-Text Communication and Trust
Using C-WORK, non-text communication such as log-in information and snapshots were shared. Table 7 can be viewed by a user only if the user has a CCD camera, and the total log-in time of users with a CCD camera while snapshots were shared by other team members was 3 hours 6 minutes and 57 seconds. Table 8 shows the correlation between trust and non-text communication.
There is a significant correlation between trust and sessions together, i.e., logged into C-WORK at the same time, (0.669, p = 0.034). However, there was no significant correlation found between trust and non-text communication factors.
Building Trust without Non-Text Communication Tool
Control groups also had awareness communication such as information about self-situation, communication availability, and work process as shown in Table   3 . Therefore, the effect of awareness communication on trust building in control groups was analyzed. 
Discussion
The analysis result between the high trust score group and the low trust score group showed that awareness communication positively affected trust building. A non-text communication tool was expected to help in building trust; The analysis of non-text communication indicated that log-in at the same time helps trust building. The previous research reports that non-text communication promotes text communication [23] ; however, no significant correlation between trust and non-text communication was found in this study.
Lastly, the result showed awareness communication was strongly correlated with trust building both in control groups and treated groups. 
Conclusions
In The following five points must be considered before utilizing the findings of this study. First, the sample size of ten teams (five for each group) was small in order to generalize the findings. Second, the findings were also restricted by the task assigned to teams. This study used the web sites design task with three roles Figure 10 . Analysis results.
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for team members (an editor, a designer, and a coder). Third, the period required to complete the task was short. Fourth, voice and video are not handled in non-text communication. Lastly, similar to the third limitation, in order to sink in as a team, it might require more shared work experience. Therefore, a longitudinal study should be conducted with the same team members.
The findings of this study showed the tendency of awareness communication helping team building trust in the remote environment. Additional experiments with more subjects and longer period of time will verify the findings of this research and enable the deepening of knowledge of the role of awareness communication. In the future, it is expected that the relationship between a communication and trust will be made clear, and thus contribute to teamwork development in remote work.
